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Higgs boson photoproduction at the LHC
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Abstract. We present the current development of the photoproduction approach for the Higgs
boson with its application to pp and pA collisions at the LHC. We perform a different analysis
for the Gap Survival Probability, where we consider a probability of 3% and also a more optimistic
value of 10% based on the HERA data for dijet production. As a result, the cross section for the
exclusive Higgs boson production is about 2 fb and 6 fb in pp collisions and 617 and 2056 fb for
pPb collisions, considering the gap survival factor of 3% and 10%, respectively.
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INTRODUCTION
As an alternative way to study the Higgs boson production at the LHC, the Central Ex-
clusive Diffractive (CED) production has been currently analyzed as a new framework
for particle production [1]. Indeed, the Double Pomeron Exchange (DPE) and the two-
photon process offer the opportunity to study the exclusive Higgs boson production in
proton and nuclei collisions. One way to increase these cross sections is to consider nu-
clei collisions, especially for the two-photon process, where the photon flux is enhanced
by a factor of Z in pA collisions, and Z2 in AA ones. For instance, the predicted cross sec-
tion for the Higgs boson production in PbPb collisions is 18 pb [2], which is enhanced by
five orders if compared to the predictions for pp collisions (0.18 fb). However, in DPE
this enhancement is smaller, showing an increasing from 3 fb for pp collisions to 100 fb
in AuAu ones [3]. In this sense, we compute the cross sections with the photoproduction
mechanism for the CED Higgs boson production in hadron-hadron and hadron-nucleus
collisions at the LHC.
PHOTOPRODUCTION MECHANISM
Considering the γ p interaction in high-energy collisions, we compute the cross section
for the CED Higgs boson production by DPE in the γ p subprocess [4], which is one of
the possible subprocess in Ultraperipheral Collisions (UPC) [5]. The photon fluctuates
into a quark-antiquark pair, and then the interaction occurs between the proton and this
pair by the exchange of gluons in the t-channel.
The diagram at partonic level is taken into account in order to compute the scattering
amplitude, where a quasi-real photon interacts with a quark nto the proton. The imag-
inary part of the scattering amplitude is computed by the use of the Cutkosky Rules
ImA = 12
∫
d(PS)3 AL AR, with AL and AR being the amplitudes in the left- and the right-
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FIGURE 1. Diagram that represents the photoproduction mechanism for the Higgs boson production.
hand sides of the central line that splits the diagram in Fig.1 in two pieces, and d(PS)3
is the volume element of the three-body phase space. This integration results in the fol-
lowing amplitude
ImAT =−
s
6
M2H
piv
αs
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∫
ΦTγγ(k2,Q2)
dk2
k2
, (1)
where ΦTγγ is the impact factor for the γ-γ transition
ΦTγγ(k2,Q2) = 4piααs ∑
q
e2q
∫ 1
0
dτ dρ k
2[τ2 +(1− τ)2][ρ2 +(1−ρ)2]
Q2ρ(1−ρ)+k2τ(1− τ) , (2)
Q2 is the virtuality of the initial photon, v = 246 GeV is the vacuum expectation value
of the Electroweak Theory, eq is the charge of the quark in the dipole, α and αs
are the electromagnetic and strong coupling constants, respectively, τ is the Feynman
parameter, and k is the transverse momentum of the gluons. In this calculation, we
introduce the Sudakov parametrization kµ = ρq′µ +β pµ + kµ⊥, with q′µ = qµ − Q
2
s
pµ .
In order to include all the partonic content of the proton, one has to replace the contri-
bution of the gq coupling by the unintegrated parton distribution function fg(x,k2,µ2) =
K ∂G(x,k2)/∂ lnk2, where the function G(x,k2) is the integrated gluon distribution
function, and the multiplicative factor K = 1.2 takes into account the non-diagonality
of the distribution [6]. In this work we apply the MSTW2008LO parametrization for
such distribution function [7].
To obtain the event rate, one have to integrate the amplitude squared given by Eq.(1)
over the momenta of the particles in the final state, including the prescription for fg. The
result for central rapidity reads
dσ
dyH dt
∣∣∣∣
yH ,t=0
= S2gap
KNLOα4s
288pi5B
(
M2H
Ncv
)2[∫ µ2
k20
dk2
k2
˜fg(x,k2,µ2)ΦTγγ(k2,Q2)
]2
, (3)
where KNLO is taken to 1.5, which corresponds to the enhancement of the gg→H cross
section at NLO accuracy [8], and B = 5.5 GeV−2 is the slope of the gluon-proton form
factor. The function ˜f (x,k2,µ2) = √T (k2,µ2)G(x,k2) is the modified unintegrated
gluon distribution function that includes the Sudakov form factor T computed at Leading
Logarithm Accuracy (LLA).
Regarding the phenomenological aspects introduced in this result, the Rapidity Gap
Survival Probability (GSP) depends particularly of the process under consideration. The
GSP for the γ p process is not computed yet, and we use the one of 3% predicted for
the Pomeron-Pomeron mechanism. However, we expect a higher survival factor for the
γ p interaction, since the large distances between the two colliding hadrons in UPC
should decrease the probability of interaction between secondary particles. Analyzing
the results for central dijet production at HERA, one finds that the survival probability is
about 10% [9], and we make predictions with this probability for the CED Higgs boson
photoproduction.
ULTRAPERIPHERAL COLLISIONS
The initial photon is emitted from one relativistic source object, which can be a proton
or a nucleus. Particularly, a nucleus has Z protons, which enhances the photon flux in pA
and AA collisions. In fact, considering the luminosity and pile-up effects in the collisions
at the LHC, the pA collisions may offer the best experimental condition if compared to
pp and AA collisions [2]. Additionally, in the photoproduction mechanism, we neglect
the contribution from AA collisions, since the shadowing effects present in the nuclear
PDF will decrease the production cross section by a factor of 0.2-0.3. The production
cross section in UPC is given by
σhad = 2
∫ ωmax
ωmin
dni
dω σγ p, (4)
where ωmin = M2/2x
√
sNN and ωmax =
√
Q2γ2Lβ 2L , and σγ p is given by Eq.(3). The
functions dni/dω are the photon fluxes for protons and nuclei, which can be found in
Ref.[10]. In this sense, the photon virtuality is decomposed into Q2 =−ω2/γ2Lβ 2L−q2 ≤
R−2i , with γL = (1−β 2L )−1/2 =
√
s/2mp, which is restricted by the coherence condition
in UPC, depending of the radius of the source object.
RESULTS
The hadronic cross section is computed for pp, pPb, pAu, pAr, and pO collisions at
the LHC. Actually, collisions involving gold nucleus are not going to be measured in
the LHC, however we include such prediction to compare with previous results [3].
The Tab.1 shows the kinematics introduced in this calculation, and the predicted cross
sections for the CED Higgs boson photoproduction for the two possibilities of the
survival factor.
As one can see, the production cross section is significantly enhanced in pA collisions
taking nucleus with high Z. These results are higher than the ones obtained for the two-
photon and for the DPE mechanism. In the case of pp collisions, the cross section is
TABLE 1. The predicted cross sections for the CED
Higgs boson photoproduction at the LHC for MH=120
GeV, and the kinematics parameters. The cross section is
shown for the two possibilities of the GSP: 3% and 10%.
√
sNN (TeV) γL R (fm) σhad (fb)
S2gap 3% 10%
pp 14.0 7460 0.7 1.77 5.92
pO 9.90 5314 3.0 2.31 7.70
pAr 9.40 5045 4.1 21.56 71.87
pAu 8.86 4755 7.0 768. 2562.
pPb 8.80 4724 7.1 617. 2056.
similar to that of the DPE mechanism, but one order higher than that for the two-photon
mechanism. Considering the AA run that will occur in the end of 2010, new data can be
available for nuclei collisions in the next year.
CONCLUSIONS
In this work we applied the photoproduction mechanism for the CED Higgs boson
production to pp and pA collisions in the LHC. The results show an enhanced cross
sections for collisions involving Au and Pb nucleus, which open a new way to detect the
Higgs boson in the LHC. The GSP is a fundamental aspect to be determined with the
future data from the LHC, playing an important role for reliable predictions of diffractive
processes. Therefore, the photoproduction mechanism offers a new approach for the
Higgs boson production, showing a cross section competitive with other production
mechanisms.
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